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TRANSLATION BY SOVIET ELECTRONIC CALCULATING MACHINE 


The following is the full text of an article from PRAVDA, 
dated 22 January 19 56 on the work of the high-speed electronic 
computer of the Academy of Sciences USSR. The co-authors are 
D. Panev, I. Mukhin and I. Bel'skaya. 

The first successful experiments in the automatic translation of 
one language to another were conducted in the Academy of Sciences USSRo 
The experiments were made on the BESM high-speed electronic computing 
machine described in PRAVDA of it December 1955. 

At first glance it seems unlikely that a machine can automatically 
translate from one language to another. But if some thought is given to 
the subject then it may be easily perceived that there is nothing impos- 
sxo_e m this. In reality, language is a definite system in which the 
meaning of words as well as any of their variations are reflected by 
means of vocabulary and grammar. 


. Therefore, there should exist the possibility of developing diction- 
aries and translation rules which y/ould account for al l structural 
picuilariti ea of a sentence and which would permit the accurate, uniform 
determination of the essence of its component words and their relationship 
m the text. Thus it becomes possible to make translations by fully 
automatic means using machines with programming control, such as those 
which automatically make complex mathematical computations. 


io make such a translation the sentence which is to be translated 
must xirst be coded with a special cipher code in which each letter 
would be represented by some 2-digit numeral. By using the Bodo code, 
for example where the Latin le t ter "a" is represented by 16, "n” by 15 
’ll 11 by 30, we may replace the English word "and" by the numeral by 
161530? The numbers corresponding to words under this codification 
system may be punched on a paper tape. This is done by a person who need 
not know the English language on a simple typewriter- type apparatus 
having a keyboard with Latin letters. This tape is then inserted into 
an electronic computing machine, in the memory device of which there is 
stored a previously introduced dictionary. Each word in the dictionary, 
consisting of an English and a Russian part, is also represented by its 
corresponding numeral and tne process of searching for the required word 
m the dictionary i S but a comparison of the number introduced into the 

ScSioL^! PreSOating a particula! - "ith m the numerals of the 
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Thxa process may be simply represented as follows . Let the number 
representing the word being searched fur be successively subtracted from 
adl the numbers (each representing a word) in the dictionary* 

when the result of the subtraction is equal to 0, the search is 
terminated: the word in the dictionary whose numerical representation 
coincides exactly with the numerical representation of the word being 
searched for ms been found. This means tnerefore, that in the Russian 
portion of the dictionary tnere has been found the word corresponding to 
the English word. The machine does this completely automatically and at 
great speed. For instance, on the BESt; machine one comparison operation 
takes only 1/10,000 of a seeondj thus the time the machine takes to look 
through a 1,000-word dictionary is measured in a fraction of a second. 


However, the dictionary introduced into the machine differs fl*om 
those dictionaries which are generally used. The dictionary must provide 
rules i rich would permit the automatic selection of the proper word from 
among several possibilities. To establish the meaning of a polysemantic 
term it is necessary to analyze its surrounding words, to study the words 

charecteSti 6 ^ 1 ^ ^ ^ l ° StUdy tiieir and grammatical 


Suppose we want to translate the English word "example" which has 
two meanings depending upon -whether the word "for" precedes it or not. 

If the word "for" is there, the translation must be "naprimer". If the 
l ord lor" is not there, then the translation would be "primer" 0 Con- 
s derably more complex, although similar, rules may be developed for 
otner cases as wall. These rules are formulated in the form of concrete 
questions to which the i.aciiine sometimes lias to answer either "Yes" or 
"Jo" over 20 times.. Another system of rules is needed to find English 
words having a particular ending in the dictionary. For instance, the 
word equations" will not be found in the dictionary since it has the 
ending s indicating plurality. The dictionary lists singulars. The 
machine then discards uhe ending and the word is again run through and 
compared with uhe dictionary terms. 

finally, the dictionary must list the grammatical characteristics 
of its words. However, in contrast to the usual English-Russian diction- 
aries, it lists the grammatical characteristics not of the English but 

fj ssia , n v/ord f* This is necessary because without these character* 
1 st cs it is impossible to construct a grammatically correct Russian 

w6UucnC0e 


grammatical characteristics are needed only insofar as thev 
xacxlitate m the determination of Russian grammatical characteristicso 

,, ., Xt i3 in ^ ossi ble to list all the grammatical characteristics in the 
dictionary. For example it is impossible to state in advance whether a 
K! Word ™ uld be a subject or an object. This circumstance may be 
determined only comparing the given word with other words and through 

aL a ?h^ S1S - of the 3ntare sentence. Therefore, after using the diction- 
iy the maemne conducts a very large number of various checks of the 
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"Yes'* and "No” answer type for the purpose of determining all the neces* 
sary grammatical characteristics of the Russian words. After this is 
done, a translated English phrase such as "Problems associated with 
Motion" reads as follows: "ZADACHA" (noun, feminine gender, second 
declension, plural, nominative case, soft stem ending with a sibilant), 
"SVYAZYVAT" (participle, past tense, feminine gender, plural, nominative), 
”s" (preposition, governs instrumental case), '‘DVIZHE:*IYE" (noun, neuter 
gender, first declension, single, instrumental case soft stem). Thus, 
according to the rules of Russian grammar, the translation becomes as 
follows: "ZADaGHI , SVYAZAMYYE S DIVIZHMIYEi" . The finished translation 
is typed on a teletype. 

As an example of a translation made by this machine, the following 
sentence from an English text may be used: "Elementary courses in 
differential equations present a long list of clever devices by means of 
which one is supposed to be able to solve differential equations". 

• - "Elementarnyye kursy po dif f erentsial * nym uravneniyam dayut dlinnyy 
perechen* iskusnykh priyemov, pri pomoshchi kotorykh issledovatel* kak 
predpolagayetsya mozhet reshat* differentsial'nyye uravneniya". 

Of course it is difficult to assume that the automatic translation 
of literary work would be possible in the near future. Such translation 
is much more complex than the translation of scientific text. 

The experimental work on automatic translation was conducted on the 
Universal computing machine "BESM", which was not specifically fitted 
for this purpose, by a group of scientific workers of the Acadeny of 
Sciences USSR which included, besides the authors, S. Razumovskiy, 

L« Korolev, N. Trifonov, G* Zelenkevich, and others. The results obtained 
indicate that on the basis of the principles developed there may be 
cons true ted in the future a specialized electronic machine for automatic 
translation. 


Do Panov 
I. Mukhin 
I. Bel*skaya 

PKAVDA, 22 January 1956 
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NATIONAL SCIENCE FOUNDATION 
OFFICE OF THE DIRECTOR 



WASHINGTON 25, D. C. 


UAR 2 7 T555 


Honorable Allen V* Dulles, Director 
Central Intelligence Agency 
Washington 25, D* C* 

Dear Allen* 

The development of a program of research on meohanloal translation 
problems, as outlined in your letter of February 29, is a matter of groat 
interest to the National Soience Foundation* We agree that much is to 
be gained by the early development of a machine capability for transla** 
tion, and me are devoting what me believe to be a reasonable fraction of 
our available resear oh funds to the support of the M*I*T* linguistic 
studies to which you refer in your letter* Wo believe that an integrated 
attack is desirable on the problem as a whole, particularly the machine 
development work* Such an approach would involve careful coordination, 
both with respect to programming and funding* 


I have asked Dr* Alberto F* Thompson* Hoad of our Office of Scientific 
Information, to be responsible for Foundation activities in this field* He 
would appreciate an opportunity to meet with anyone you care to designate 
to consider the problem of appropriate levels and sources of support in the 
Government for work in this field* Wo assume that other agencies should 
be con suit ad j for example, we understand that the Air Force is undertaking 
a major effort in machine development for translation* 

The Foundation is prepared to administer any part of a program of 
research in machine translation which is agreed by all concerned to bo 
desirable* Ac you know, it is our policy to rely heavily on the guidance 
of advisory panels of experts in each field of research to advise us on 
the handling of research proposals directed to the Foundation* Wo are 
in the process of organising such a group at the present time which we 
feel would he fully capable of guiding the progress of machine translation 
research* 

I hope that the kind of approach to the problem outlined in this lot* 
tor appears reasonable, and I look forward to the development of an effective 
program in this field* 


Sincerely yours, 

Alan T* Waterman 
Director 
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mar 3 1956 



Alas T . Jh&StoB/ 

Mreetor 

Rational Solano# Foundation 

fcuhdlnfton 25, D. G, 

Boar Alan i 

yott vary ouch for tii# coplea of the Fifth 
Awwsu Report of the national 3oUace foundation wd 
tho Rat ional 3cienco J'onadatlca Act forwarder with 
year Utter of 23 February. 

1 U??e relieved these papers with such interest 
referred the t ? copies to others 
here for study. They should he of comiderabls raluo 
in cur future aotlrlties. 




9TAT 


Allen V. Dulles 
Director 
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NATIONAL SCIENCE FOUNDATION 
OFFICE OF THE DIRECTOR 
WASHINGTON 2 5,D. C. 

February 23, 1956 



|rfi p. 


PERSONAL 

• * I T u . i ■ ■ ■ 

The Honorable Allen W. Dulles 
Director 

Central Intelligence Agency 
Washington 25, D. C. 

Dear Allen: 

At our recent meeting I promised to send you a copy of 
the Fifth Annual Report of the National Science Foundation, 
Herewith are three in case other members of your staff may 
find the report useful. 

I also enclose a copy of the National Science Foundation 
Act which gives the formal basis for our interest and authority 
in the field of international science activities. 

I believe the subject we discussed is an important and 
timely one, and I am looking forward with great pleasure to 
working with you on ways and means to make progress. 

With best regards, 

Sincerely yours, 


Alan T, Waterman 
Director 


Enclosures 
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I April 1957 


Dr. Alan T. W atom an 
Director 

National Science Foundation 
1520 H Street, N. W . 
Washington, D. C-. 

Dear Alan: 


Many thanks for sending me a copy of 
Science in the Federal Government. ’ I am glad 
to be able to add thia to my library on this general 
subject. 


One of these days ws should have a talk 
together about the scientific attache question. Z 
have been pressing [ | on the sub ject 

and I know he is doing what he can bat progress is 
slow. 


Sincerely, 


Allen W, Dulles 
Director 


A WD/ ji 
Distribution: 

1 - DCI ’r'H 

1 - ER-*^ 

1 - Rdading 
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Tfl&NSIA'fXON BY SOVIET iSLKCTliONIC OALCULATIIf J kACHIHE 


The folio vong is the full text of an article froir. PRAVDA, 
oated 22 January 1956 on the work of the high—soeed electronic 
computer oi the Academy of Sciences UhSii. The co-authors are 
B 0 Panev, I 0 Mukhin and I 0 Bel s skaya 0 

The first successful experiments in the automatic translation of 
one language to another were conducted in the Academy of Sciences USSft Q 
The experiments were mane on the 3.isSI/> nigh— speed electronic computing 
machine described in PKAVDA of ii. December 19555 

At first glance it seems unlikely that a machine can automatically 
translate from one language to another, But if some thought is given to 
the subject then it may be easily perceived that there is nothing impos- 
sible in thiso In reality* language is a definite system in which the 
meaning of. words as well as any of their variations are reflected by 
means of vocabulary and grammar 0 


Inerefore, there should exist the possibility of developing diction— 
aries and translation rules which would account for all structural 
iwculiasrifees of a sentence and which would permit the accurate, uniform 
determination of the essence of its component words and their relationship 
in the text# Thus it becomes possible to make translations by fully 
automatic means using machines with programming control, such as those 
which automatically make complex mathematical computations# 


xO ma.ce such a translation the sentence which is to be translated 
must first be coded with a special cipher code in wliich each letter 
would oe represented oy some 2-digit numeral# By using the Bodo code, 
ior example where the Latin letter "a 1 * is represented by 16, ’’n" by 15 
and 'Vi 11 by 30, we may replace the English word "and" by the numeral by 
161530# The numbers corresponding to words under this" codification 
system may be punched on a paper tape,, This is done by a person who need 
not know the English language on a simple typewriter- type apparatus 
having a Keyboard with Latin letters# Tills tape is then inserted into 
an electronic computing machine, in the memory device of which there is 
stored a previously introduced dictionary# Each word in the dictionary, 
contesting of an English and a r.ussian part, is also represented by its 
corresponding numeral and the process of searching for the required word 
an the dictionary is but a comparison of the number introduced into the 

machine ( representing a particular word.) with all the numerals cf the 
co, c © 
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as foiio * :3 ' 161 ure ,iu * er 
' ai tK ““*<>» <«<«> ^hntin, a wcidA^di 2^!““ **“ 
hen the result of the sub traction is eoml n iu. . 

To?£uT u J h tl™ u % ““ ‘ ,icUonaiy 

coj.nui 0 .e 3 exactly wxtn toe numerical representation nr +h n 1- 
searched for im h^or. j c P-icsefiiaiaon oi the word being 

.~2— 5s »^i:sns .*? 

«•«*» *—* look 


a second. 


through a 1,000-word diotioa^ i s roaoorod i" » frSn'ol 

thooo'diSaSo'whSrs »«T d u ^“ *g““- differs *” ■ 

/“h'wuld perait the autcmti’o selection'll tte°p^er“ord 1 frok 3 
ton. ’it" yjffff* ”* " a ^"« of * polysemantic 

xsstj&js: 

or ..i mv-ii .j , .: ’ * * ^ho translation must be "napriiser”* If the 

„ r? 3 thcre * l ' iK5n the translation would be "primer” i'nn 
^TSLT” Jlthoarh Sixilrr, rules ray he develop for 

questions to which the ,achinc -o *5, ^*qS*S <i ” t “ > f 4 “ of 

!> t ., ~ n .. fc-xti-uR. oj, ..etih.es aas to answer either "Yes" or 

•ords tavir“ . ™i;r ; 7St “ ot rui,ls is naede ' 1 to find English 
* or as ruivxng a. pax txcuiar eacLuv ia d \ + ^ 

™rd "equations" will not he fouxd in the instance, the 

ending "s" indicatin' n i„ ra u - . dlcti °nary since xt has the 

machine then Sscltds ,e t liS F a -* 3 U lars. The 

oorpared with the dictiol ™ 13 rUn Um ^ h *“* 

of itf woS: V S^tioaX characteristics 

oTs “-Sr 

It. is impossible to list -ill th» . 

dictionary • For oxa.aole it j s imoos^bl'- 'to t-v Char lc oeristlcs the 
given word would be a subject or kn'obW V * luvaace *‘ Yhether a 
determined only cojanaring 0 the -ivei -oiiV-- ^ Clrc unstanc9 «ay be 
an analysis of the entix^ and through 

tte '■“° hine • ™"' *«K. nUer of fJZ 
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"Yes'* and "Wo” answer type for the purpose of determining all the neces- 
sary grammatical characteristics of the Russian T,wrds« After this is 
done, a translated English phrase such as "Problems associated with 
liotion" reads as follows: "ZADACHA" (noun, feminine gender, second 
declension, plural, nominative case, soft stem ending with a sibilant), 
"SFYAZYVAT" (participle, past tense, feminine gender, plural, nominative), 
"s" (preposition, governs instrumental case), '“DVIZHEMIYE" (noun, neuter 
gender, first declension, single, instrumental case soft stem) 0 Thus, 
according to the rules of Russian grammar, the translation becomes as 
follows: "ZADAUHI, SVYAZAWWYYE S DIVIZHEWIYSM". The finished translation 
is typed on a teletype. 

As an example of a translation made by this machine, the following 
sentence from an English text may be used: "Elementary courses in 
differential equations present a long list of clever devices by means of 
which one is supposed to be able to solve differential equations". 

- - "ELemantarnyye kursy po dif ferentsial « nym uravneniyam dayut dlinnyy 
perechen* iskusnykh priyemov, pri pomoshchi kotorykh issledovatel 5 kak 
predpolagayetsya mo z he t reshat 5 d i f f e ren t s ial 5 nyy a uravneniya"® 

Of course it is difficult to assume that the automatic translation 
of literary work would be possible in the near future. Such translation 
is much more complex than the translation of scientific text. 

'The experimental work on automatic translation was conducted on the 
Universal computing m achine "BESM", which was not specifically fitted 
for this purpose, by a group of scientific workers of the Acadeny of 
Sciences USSR which included, besides the authors, S® Razumovskiy, 

Lo Korolev, W. Trifonov, G. Zelenkevich, and others. The results obtained 
indicate that on the basis of the principles developed there may be 
constructed in the future a specialized electronic machine for automatic 
translation® 


I)® Panov 
X. Mukhin 
I® Bel*skaya 


PKAVDA, 22 January 1956 
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